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[From: Akademiya iuauk SSSR. Meteori t ika_.  Vole XXII, 1962, pages l&-lOg] 

TEE METHOD OF I N V E S T I G A T I N G  METEORITES 
AND TEKTITES ' X T H  THE AID OF I N F R A R D  

SP3CTROXETRY1 

by A .  A .  Kadushin 
a n d  G. G.  Vorobyev 

The e m i s s i o n  method o f  s p e c t r a l  a n a l y s i s ,  w i d e l y  and s u c c e s s f u l l y  

used  i n  m e t e o r i t i c s  c13, [2], is based on t h e  e l e c t r o n  t r a n s i t i o n  o f  t h e  

atoms o f  chemica l  e l emen t s .  The r a d i a t i o n  o f  l i g h t  ene rgy  r e l a t e d  t o  

such t r a n s i t i o n  makes i t  Fossible t o  f i x  t h a t  energy  a t  c e r t a i n  f r equen-  

c i e s  o f  the u l t r a v i o l e t  and  v i s i b l e  spec t rum.  The i n f r a r e d  r e g i o n  i m -  

p o s e s  c e r t a i n  l i m i t a t i o n s  on t h e  emis s ion  a n a l y s i s  [l], b u t  o p e n s  w i d e  

p o s s i b i l i t i e s  for a younger  f i e l d  o f  i n v e s t i g a t i o n ,  a b s o r p t i o n  (molec- 

ular) s p e c t r o m e t r y .  

N o s t  o f  t h e  o s c i l l a t i o n  2nd r o t a t i o n  f r e q u e n c i e s  o f  a toms a n d  r ad -  

i c a l s  a r e  found i n  t h e  i n f r a r e d  r e g i o n  i n  t h e  form o f  a b s o r p t i o n  bands  

which v a r y  n o t  o n l y  i n  p o s i t i o n  bu t  a l s o  i n  s t r u c t u r e .  Consequen t ly ,  i f  

t he  e m i s s i o n  a n a l y s i s  p r o v i d e s  a n  i d e a  of t h e  e l emen ta ry  compos i t ion  o f  

mat te r  a n d  makes a d e d u c t i o n  o f  i t s  e m p i r i c a l  f o r m u l a  p o s s i b l e ,  a n  ab- 

s o r p t i o n  a n a l y s i s  i n t e r p r e t s  E o l e c u l a r  s t r u c t u r e ,  d e f i n e s  t h e  s e p a r a t e  

f u n c t i o n a l  g roups  a n d  f i x e s  t h e  chemical bond6 (such as C-Ii, 0-H, N-3, 

S i - 0 ,  e t c . ) .  

The  g i s t  o f  t h e  method i s  t h a t  t h e  t h e r m a l  r a y s  from t h e  i n f r a r e d  

r a d i a t i o n  s o u r c e  ( a  p i n  made o f  r a r e  e a r t h  o r  carborundum o x i d e s  a n d  

h e a t e d  w i t h  an e l e c t r i c  c u r r e n t ) ,  p a s s i n g  th rough  a l a y e r  o f  t h e  mat ter  

u n d e r  c o n s i d e r a t i o n  ( i n  a s o l i d ,  l i q u i d  o r  g a s e o u s  s t a t e ) ,  is deconposed  

- w i t h  t h e  a i d  of  a d i f f r a c t i o n  gratir?g o r  o p t i c a l  p r i sms  ( o f  N a C 1 ,  KC1, 

1. The a u t h o r s  are g r a t e f u l  t o  A .  V .  K o k h a n s k i g  o f  t h e  All-Union S c i -  
e n t i f i c - R e s e a r c h  I n s t i t u t e  o f  NSDV f o r  h i s  t e c h n i c a l  a s s i s t a n c e  i n  
this viorir. 



KBk, C a r ,  K J ,  L i F  or o t h e r s ) ;  t h i s  c a u s e s  t h e  a b s o r p t i o n  of t h e s e  r a y s  

i n  c e r t a i n  s e c t i o n s  o f  t h e  spec t rum,  i n  acco rdance  w i t h  t h e  m o l e c u l a r  

compos i t ion  o f  t h e  matter. 

Piany y e a r s  have  gone b y  s i n c e  1881 when Abney a n d  F e s t i n g  f i r s t  pro- 

posed  t h e i r  h y p o t h e s i s  of  a q u a l i t a t i v e  a n d  q u a n t i t a t i v e  bond be tween 

t h e  atoms i n  a molecu le  a n d  t h e  i n f r a r e d  a b s o r p t i o n  s p e c t r a  b e f o r e  t h a t  

method was a c c o r d e d  due r e c o g n i t i o n  a n d  a d o p t e d  for p r a c t i c a l  development  

which h a s  been  h i n d e r e d  p r i m a r i l y  by i n s t r u m e n t a t i o n  d i f f i c u l t i e s .  

l e n z  (1905) was aroong t h e  f i rs t  t o  p o i n t  t o  i t s  i a p o r t a n c e  f o r  phys ico-  

c h e m i c a l  a n a l y s i s .  By 1938 t h e  n m b e r  o f  i n f r a r e d  i n s t a l l a t i o n s  i n  t h e  

U.S., where  t h a t  method w a s  unde r  development ,  was 15, b u t  a t  t h e  end  o f  

Ejovember 1947 t h e r e  w e r e  a l r e a d y  more than  500 o f  them, a n d  t h e i r  number 

c o n t i n u e s  t o  grow C3l. 

Cob- 

I n f r a r e d  s p e c t r o m e t r y  i s  c u r r e n t l y  w i d e l y  used  i n  t h e  p e t r o l e u m  a n d  

c h e m i c a l  i n d u s t r i e s  (mos t ly  f o r  a n a l y z i n g  l i q u i d  o r g a n i c  p r o d u c t s ) .  I n  

1950, Hunt ,  B i s h e r d  a n d  Bonham C4] i n v e s t i g a t e d  t h e  s p e c t r a  of o v e r  100 

i n o r g a n i c  compounds, p u r e  salts and m i n e r a l s ,  a n d  showed t h a t  s o l i d  sub-  

s t a n c e s  p roduce  s i m p l e r  a n d  f ewer  a b s o r p t i o n  bands  a s  compared t o  l i q u i d  

s u b s t a n c e s ,  and  t h a t  t h e y  can  also be used  f o r  i d e n t i f i c a t i o n  pu rposes .  

The i n f r a r e d  metkod h a s  o n l y  r e c e n t l y  c5-7) been i n t r o d u c e d  i n  m i n e r a l o g y ,  

a n d  t h e  n a t u r e  of  i t s  a p p l i c a t i o n  is  s t i l l  c a u t i o u s  and  s e l e c t i v e .  Under 

s t u d y  now a r e  m o s t l y  a r g i l l a c e o u s  m i n e r a l s  as w e l l  as  some r e l a t i v e l y  sim- 

ple c l a s s e s  o f  compounds: c a r b o n a t e s ,  s u l f a t e s  and  phospha te s .  

H e t e o r i t e s  have  a s p e c i f i c  and r e l a t i v e l y  u n i f o r n  m i n e r a l o g i c a l  com- 

p o s i t i o n  which c o n s i d e r a b l y  f a c i l i t a t e s  t h e i r  i n v e s t i g a t i o n  by t h e  i n f r a -  

r e d  method. However, t h e  comple te  i n s e n s i t i v i t y  o f  t h i s  method t o  n a t i v e  

e l e m e n t s  r e s t r i c t s  i ts  a p p l i c a t i o n  o n l y  t o  s t o n y  m e t e o r i t e s  which c o n s i s t  

L 



.. . - .  . _. 
.. .. __  . --- . - - 

Fig. 1. The U R - 1 0  a u t o m a t i c  i n f r a r e d  s p e c t r o m e t e r  (made by t h e  
K a r l  Z e i s s  Co. )  

p r i m a r i l y  o f  s i l i c a t e s  ( o l i v i n e ,  pyroxene,  p l a g i o c l a s e )  and s u l f i d e s  

( t r o i l i t e ) .  

tr ie almost p u r e  non-magnetic f r a c t i o n  o f  t h e  m e t e o r i t e s ,  t h e y  are  a u t o -  

r n s t i c a l l y  e x c l u d e d  from t h e  a n a l y s i s ,  and  t h e  r e s u l t i n g  spec t rum r e p r e -  

s e n t s  a n  a b s o l u t e l y  p u r e  s i l i c a t e - s u l f i d e  phase.  T h i s  c i r c u m s t a n c e  i s  a 

As f o r  t h e  small  r e s i d u a l  i n c l u s i o n s  o f  n i c k e l o u s  i r o n  i n  

mat te r  o f  d e f i n i t e  i n t e r e s t  t o  m e t e o r i t i c s  whose c h i e f  problem i s  to  c l a s -  

s i f y  t h e  m i n e r a l s  a c c o r d i n g  t o  t h e i r  magne t i c  p r o p e r t i e s .  

From a m i n e r a l o g i c a l  p o i n t  o f  view,  t h e  t e k t i t e s  r e p r e s e n t  wel l -  

f u s e d  s i l i c a t e  glass. As amorphous b o d i e s ,  t h e y  make t h e  a p p l i c a t i o n  o f  

x - r ay  a n d  d i f f e r e n t i a l  t he rma l  methods o f  a n a l y s i s  i m p o s s i b l e .  The i n f r a -  

r e d  method is t h e r e f o r e  p r a c t i c a l l y  t h e  o n l y  r ema in ing  s t r u c t u r a l  method 

o f  i n v e s t i g a t i o n .  The f i r s t  p u b l i c a t i o n s  o f  t h e  t e k t i t e  s p e c t r a  [8] and 

c9J were  o f  a n  e x p l o r a t o r y  n a t u r e ;  t h e y  have  a t t r a c t e d  t h e  a t t e n t i o n  o f  

t h e  r e s e a r c h e r s  a n d  c a l l e d  f o r  a c o n t i n u e d  e f f o r t  i n  t h a t  d i r e c t i o n .  

The a p p a r a t u s e s  s t i l l  produced by t h e  i n d u s t r y  a r e  d e s i g n e d  f o r  a 
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r e l a t i v e l y  narrow s p e c t r a l  r e g i o n  from 5 t o  1 5 p .  

t h a t  r e g i o n  r e q u i r e d  t h e  u s e  o f  c o s t l y  p r i sms ,  t h e  p r o d u c t i o n  o f  which 

was n o t  o r g a n i z e d .  The change  o f  t h e  p r i s m s  i n v o l v e d  a great  d e a l  o f  

t i m e  which made i t  i m p o s s i b l e  t o  o b t a i n  a c o n t i n u o u s  spec t rum.  

An e x t e n s i o n  beyond . 

Fig .  2. Basic  diagram of t h e  UR-10 infrared s p e c t r o m e t e r .  

Legend: 1 - i n v e s  t i g a t i o n  c u v e t t e  7- rec  t i  f i e r  
.?-monochromator 8-comparison c u v e t t e  
3 - r a d i a t i o n  r e c e i v e r  9-w ri t i n g  m e  chanism 
4-ampli  f i e r  10-"rel ag" i r e l a x a  t i  on o s c i l l a -  
5 - r a d i a t i o n  s o u r c e  t o r ? _ ]  
6 - r o t a t a b l e  m i r r o r  11-rno t o r  

The  Karl Z e i s s  Company o f  Jena, ?&st Germany, i s  now p r o d u c i n g  a 

P UR-10 s p e c t r o m e t e r  (Fig. 1) des igned  t o  work within t h e  r a n g e  of 2-25 

(5000-400 cm-') by way o f  t h e  au ton ia t i c  change  o f  t h e  f o l l o w i n g  t h r e e  

p r i s m s :  KBr, N a C 1  and FiF.  The b a s i c  diagram of t h i s  a p p a r a t u s  i s  shown 

i n  F i g .  2. The r a d i a t i o n  from t h e  s o u r c e  p a s s e s  s i m u l t a n e o u s l y  t h r o u g h  

t h e  s u b s t a n c e  u n d e r  a n a l y s i s  a n d  t h e  s t a n d a r d  ( c o n t  r o l l  s u b s t a n c e  and  

hits a mirror r o t a t i n g  a t  a f requency  o f  LO ups. The r e s u l t  i s  a n  al-  

t e r n a t e  p r o j e c t i o n  o f  t h e  r a y s  from two c h a n n e l s  t o  t h e  i n l e t  a p e r t u r e  o f  

t h e  monochromator. Decomposed i n  t h e  l a t t e r ,  t h e  r a y s  p a s s  th rough  t h e  

o u t l e t  a p e r t u r e  t o  t h e  r e c e i v e r .  I f  t h e  r a d i a t i o n  on b o t h  c h a n n e l s  i s  

a t t e n u a t e d  uneven ly ,  t h e  a l t e r n a t i n g  v o l t a g e  corning from t h e  r e c e i v e r  i s  

a m p l i f i e d  by a n  e l e c t r o n i c  a m p l i f i e r  and f e d  t o  t h e  servomotor  t h r o u g h  a 

4 



c h a s e  d e t e c t o r  s y n c h r o n i z e d  w i t h  t h e  modu la t ing  r i r r o r .  A s p e c i a l  d i -  

a p h r a p  i n t r o d u c e d  w i t h  t h e  a i d  o f  t h a t  motor  e q u a l i z e s  t h e  r a d i a t i o n  
. 

o f  b o t h  c h a n n e l s  r e d u c i n g  t h e  a l t e r n a t i n g  component t o  zero. A s  t h e  d i -  

aphragm ie s h i f t e d ,  t n e  s u b s t a n c e  p a s s i n g  th rougn  t h e  g i v e n  r e g i o n  o f  t h e  

s p e c t r m  is r eco rded .  

F i g ,  3 .  The a b s o r p t i o n  spec t rum o f  t h e  N i k o l ' s k o y e  m e t e o r i t e  re- 
co rded  by t h e  suspens ion  method. 

Legend: 1) a b s o r p t i o n .  

The a d v a g t a g e  o f  t h e  double-beam method o f  a l t e r n a t i n g  r a d i a t i o n  

( a s  compared t o  t h e  more p o p u l a r  s ing le-beam method) i s  t h a t  t h e  r e c o r d e d  

s p e c t r a  a r e  c o n p l e t e l y  f r e e  from t h e  v a p o r - a b s o r p t i o n  bands  o f  t h e  a t n o s -  

p h e r i c  w a t e r  a n d  ca rbon  d i o x i d e .  The f l u c t u a t i o n s  o f  t h e  r a d i a t i o n  

s o u r c e ,  t h e  s e n s i t i v i t y  of t h e  r e c e i v e r  and  d e g r e e  o f  a m p l i f i c a t i o n  do 

n o t  a f f e c t  t h e  r e g i s t r a t i o n  q u a l i t y .  The r e g i s t r a t i o n  s p e e d  c a n  b e  chang- 

e d  from 4 t o  400 cm-'/min. A s p e c i a l  d e v i c e  makes i t  p o s s i b l e  t o  r e d u c e  

t h e  r e g i s t r a t i o n  speed  f o r  a more a c c u r a t e  r e c o r d i n g  o f  t h e  s t r u c t u r e  o f  

t h e  i n d i v i d u a l  bands .  The wavelength s c a l e  i n  t h e  a p p a r a t u s  i s  a lmos t  

l i n e a r  w i t h i n  t h e  e n t i r e  r ange ,  and i s  r e c o r d e d  d i r e c t l y  on  t h e  regis t ra-  

t i o n  p a p e r  which p r e v e n t s  p o s s i b l e  e r r o r s  due  t o  s l i p p a g e  or t h e  imprope r  

i n s e r t i o n  o f  t h e  t a p e  w i t h  a p r e - r e c o r d e d  c o o r d i n a t e  grid. The a v e r a g e  

r e p r o d u c i b i l i t y  o f  t h e  number o f  waves is a t  l e a s t  1 cm , and t h e  r e p r o -  

d u c i b i l i t y  o f  t h e  p a s s a g e  i s  l e s s  t h a n  -O.%. The r e s o l v i n g  power o f  t h e  

-1 
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. -1 i n s t r u m e n t  i s  abou t  E cm . 

Fig. 4. The a b s o r p t i o n  s p e c t r u n  o f  t h e  Niko l ' skoye  m e t e o r i t e  re- 
co rded  by t h e  powder method. 

Legend : 1 ) Absorp t ion  

I 

F i g .  5 .  The a b s o r p t i o n  spec t rum o f  t h e  Noyan-Bogdo m e t e o r i t e  re- 
c o r d e d  by  t h e  powder method. 

Legend: 1 )  A b s o r p t i o n  

The  l i m i t e d  e x p e r i e n c e  i n  t h e  u s e  o f  t h i s  a p p a r a t u s  a p p l i e s  p r imar -  

ily t o  l i q u i d ,  gaseous  and  t o  some e x t e n t  s o l i d  o r g a n i c  s u b s t a n c e s  i n t r o -  

duced i n  s p e c i a l  c u v e t t e s .  An a n a l y s i s  o f  t h e  m e t e o r i t e s  and  t e k t i t e s  

calls for a new complex o f  p r e p a r a t o r y  o p e r a t i o n s  s i n c e  t h e  s u b s t a n c e s  a r e  

i n s o l u b l e  i n  o r d i n a r y  s o l v e n t s ,  and a re  f u s i b l e  o n l y  a t  h igh  t e m p e r a t u r e s .  

The f o l l o w i n g  t h r e e  methods were t e s t e d  w i t h i n  t h e  fralcework o f  t h i s  ex- 

p e r i m e n t :  1) s u s p e n s i o n ,  S j  powder and 3 )  t a b l e t s .  The f i r s t  method is  

u s e d  t o  produce  a s u s p e n s i o n  o f  a f i n e l y  p u l v e r i z e d  s u b s t a n c e  i n  some l i q -  

u i d  ( u s u a l l y  i n  hydrocarbon o i l ) .  A t h i n  l a y e r  o f  t h e  F r e p a r e d  p a s t e  is 

s p r e a d  on a N a C l  ( o r  IIBr)  p l a t e  znd compressed by a n o t h e r  p l a t e .  K a t u r a l -  

ly, t h e  spec t rum prod.uced by t h i s  method i s  a combina t ion  of  two s p e c t r a ,  

6 
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o f  t h e  s u b s t a n c e  under  a n a l y s i s  a n d  t h e  o i l .  The second Eethod c o n s i s t s  

i n  t h e  s u s p e n s i o n  o f  t h e  s u b s t a n c e  i n  a v o l a t i l e  l i q u i d  ( such  a& CS o r  

CC14). Xhen t h e  s u s p e n s i o n  i s  s p r e a d  on a p l a t e ,  t h e  l i q u i d  e v a p o r a t e s  

a n d  t h e  r ema in ing  l a y e r  o f  powder o f  uniform t h i c k n e s s  is  c o n p r e s s e d  by 

.. 
2 

a n o t h e r  p l a t e .  The b e s t  method for a q u a n t i t a t i v e  a n a l y s i s  i s  t o  t a b l e  

1 .  t h e  powder i n  a m i x t u r e  w i t h  KBr or NaC1. 
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F i g .  6. The s p e c t r u m  o f  a m o l d a v i t e - t e k t i t e  ( f rom R a d o n i l i t s y ,  
Czechos lovak ia )  r e c o r d e d  by t h e  powder method. 

Legend : 1) Absorp t ion .  

I t  h a s  been  e s t a b l i s h e d  t h a t  w i t h i n  t h e  r a n g e  o f  Havelength  above  

‘)A , t h e  d i f f u s i o n  phenomenon can  d i s t o r t  t h e  r e s u l t i n g  spec t rum t o  a 

c o n s i d e r a b l e  e x t e n t .  Tha t  pnenomenon i s  due t o  t h e  f a c t  t h a t  t h e  d i f f u -  

s i o n  p r o d u c e d  by the s o l i d  p a r t i c l e s  i n  t h e  i n f r a r e d  r a y s  is g r e a t e r  t h a n  

t h e  a b s o r p t i o n ,  a n d  t h e  m a x i m u m  magni tudes  of t h e  bands  a r e  unde rgo ing  ar- 

b i t r a r y  changes.  Consequen t ly ,  when p r e p a r i n g  t h e  powder, a maximum and  

c o n s t a n t  d e g r e e  of p u l v e r i z a t i o n  s h o u l d  b e  a c h i e v e d ,  w i t h  t h e  a v e r a g e  s i z e  

o f  t h e  p a r t i c l e s  no t  exceed ing  3~ C71, [lo] and  C U I .  

i n g  o f  rock c r y s t a l  i n  a jas?er m o r t a r  f o r  5 ,  10, 15, 30 m i n u t e s  a n d  one 

a n d  two h o u r s  showed t h a t  15-30 minu tes  w a s  t h e  optimum d u r a t i o n .  

A v i g o r o u s  g r i n d -  

The a b s o r p t i o n  s p e c t r a  o f  t h e  non-magnetic f r a c t i o n  of  various mete- 

o r i t e s  a s  w e l l  as t e k t i t e s  a n d  o t h e r  n a t u r a l  g l a s s  were o b t a i n e d  by t h e  

above -desc r ibed  method. A r r e l i m i n a r y  examina t ion  o f  t h e  spec t rum o f  t h e  
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NikOl 'skoye E e t e o r i t e  by  t h e  method o f  s u s p e n s i o n  i n  hydroca rbon  o i l  re- 

v e a l e d  (F ig .  3 )  t h a t  t h e  a b e o r p t l o n  bands  o f  t h e  m e t e o r i t i c  r d n e r a l s  a r e  

found i n  t h e  range o f  6p and h i g h e r .  

p o f  t h e  CE i n  t h e  sarce r ange :  a b o u t  14  

2nd CH groups ,  a n d  t h e  w i d e r  b a n d s  o f  C-H o s c i l l a t i o n s  a r e  l o c a t e d  i n  t h e  

r e g i o n  of  3-4 . Thus t h e  u s e  o f  o i l  for a n a l y z i n g  m e t e o r i t i c  matter h a s  

been found  t o  b e  i m p r a c t i c a l .  

' 

The o i l  a b s o r p t i o n  b a n d s  a r e  found 

g roups ,  a b o u t  7p o f  t h e  CH2 2 

3 

P 

F i g .  4 shows t h e  spec t rum of t h e  saae E e t e o r i t e  r e c o r d e d  by t h e  pow- 

d e r  method w i t h i n  t h e  r a n g e  o f  6-25 . It is i d e n t i c a l  w i t h  t h e  p r e v i o u s  

spec t rum a n d  i s  f r e e  from t h e  a b s o r p t i o n  bands  o f  t h e  hydrocarbon o i l .  The 

r 

powder methods was a l s o  used  t o  r e c z r d  t n e  s p e c t r u m  o f  a n o t h e r  m e t e o r i t e ,  

t h e  Noyan-Bogdo (F ig .  5 ) .  These t w o  c h o n d r i t e - m e t e o r i t e s  have  a somewhat 

similar m i n e r a l o g i c a l  compos i t ion ,  which is r e f l e c t e d  i n  t h e  n a t u r e  of  t h e  

a b s o r p t i o n  cu rves .  A s l o w e r  scann ing  of  t h e  spec t rum w i t h i n  a narrow 

r a n g e  o f  x a v e l e n g t h s  r e v e a l s  i n d i v i d u a l  s t r u c t u r a l  d e t a i l s  o f  t h e  bands  i n  

c o n n e c t i o n  w i t h  t h e  c h a n g i n g  composi t ion  o f  t h e  i n d i v i d u a l  m i n e r a l s  a n d  

t h e  r e l a t i o n s h i p  between them. The m o l d a v i t e - t e k t i t e  ( F i g .  6) has a n  en- 

t i r e l y  d i f f e r e n t  t y p e  o f  spec t ruo:  r e f l e c t i n g  t h e  compos i t ion  and s t r u c t u r e  

o f  s i l i c a t e  glass ,  an amorphous s i l i c o n  d i o x i d e  K i t h  o x i d e s  o f  o t h e r  e le-  

ments  d i s s o l v e d  i n  i t .  

The r e s u l t s  o f  a l l  t h e s e  d a t a  a n d  t h e  i d e n t i f i c a t i o n  of  t h e  i n d i v i d -  

u a l  bands  a c c o r d i n g  t o  t h e i r  chemico-minera logica l  compos i t ion  w i l l  b e  

d e a l t  w i t h  i n  a s e p a r a t e  a r t i c l e .  
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